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Abstract 
The preparation of energetic nanocomposites attracts considerable interests due to the unique structure and properties. In order to 
obtain a novel energetic nanocomposite system, the high-energy impacting method was used to fabricate TATB-F2311 and 
TATB-HMX nanocomposites, the scanning electron microscopy (SEM), differential scanning calorimetric (DSC) and impact 
sensitivity tests were conducted to characterize the structure and performance of the composites obtained. SEM images reveal 
that the particle size of most TATB-F2311 composites is nanometer-sized and almost all TATB-HMX particles are at nanometer 
scale, with the nano-sized TATB coating compactly on the surface of HMX particles. DSC results show that there are two main 
thermal decomposition peaks corresponding to the two components of HMX and TATB. It is found that the decomposition 
temperature of TATB and HMX in such nanocomposites is lower than the original materials. The impact sensitivity of TATB-
HMX nanocomposites is visibly reduced compared with the physical mixture with the same composition. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Chinese Society of Particuology, Institute of Process Engineering, Chinese 
Academy of Sciences (CAS). 
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1. Introduction 
In recent years, by virtue of their unique physical, chemical and mechanical properties, nanostructured 
materials and nanocomposites have attracted the interests globally in the areas of advanced materials, biotechnology 
and sensors. Tremendous effects have been made for the preparation and properties study of nano-particles and 
nanocomposites, aiming for specific applications. However, little has been done in the preparation and development 
of energetic materials. 
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1,3,5-triamino-2,4,6-trinitrobenzene (TATB) is a well-known energetic material with extremely low mechanical 
sensitivity and high heat-resistant property, TATB based composite formulations also have many outstanding 
properties which are affected by the structure related factors such as component uniformity, particle size, particle 
contacting state, etc[1-3]. Previous reports reveal that the energy release rate of energetic composites is generally 
controlled by the mass transport rate among different components [4-6], to improve the mass transport rates, it is 
desirable to mix the formulation components on a special size scale such as nanometer.  
Many techniques can be used to prepare nanocomposites including ultrasonic mixing, rapid co-crystallization, 
spray drying and chemical processing. High-energy impacting method utilizes ball-milling technique which induces 
heavy cyclic deformation in powders, unlike most of the above methods, high-energy impacting method produces 
the nanocomposites not by particle size decreasing of coarser-grains but by components assembly, leading to a nice 
uniformity. In addition, high-energy impacting method holds the advantages of a facile operation, low cost and wide 
applicability (impacting under a wet state). During the impacting, both the mass transfer and combination degree 
in the composite have been heightened. Therefore, such high-energy impacting method has become a popular route 
to prepare nanocomposite materials. 
In our experiment, high-energy impacting method was used to prepare TATB based nanocomposites, in the 
preparation process, only a small quantity of surfactant (~0.2%) was used. 
2. Experimental 
2.1. Materials 
Two kinds of TATB were used (a common-sized one with a mean size of 16.7Pm and a nano-sized one with a 
mean size of 70nm), Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine (HMX) was of industrial grade with a mean size 
of 76.6Pm, F2311 fluorine resin was of industrial grade. All solvents and reagents were analytic grade and ultrapure 
water was used. 
2.2. Characterization methods 
SEM was performed on a Stereoscan Leo440s operating at 20kev acceleration voltage and scanning rate of 20 
fram.min-1, DSC was performed on NTEZSCH STA 449C operating at a heating rate of 10 oC.min-1 with nitrogen 
flow rate of 2ml.min-1. The impact sensitivity was determined with a WL-1 drop weigh impact machine using 10kg 
hammer dropping from a preset height of 25cm onto a 50mg sample.  
2.3. Preparation method 
Raw materials TATB, F2311 and HMX were weighed in a proportion and added to certain amount of water 
under stirring to form a mixture, followed by the mechanism chemical action of planet mill. After a violent 
impacting and smashing process by the milling balls, the components were deeply refined and had a good contact to 
each other. After the post-processing of separation, washing and freeze drying, TATB-F2311 and TATB-HMX 
composites can be obtained. 
3. Results and Discussion 
3.1. Particles size and morphology of composites 
The size and morphology of the composites were analyzed by SEM. TATB-F2311 composite marked as NCE-
1TF was prepared by using common-sized TATB and F2311 resin (Fig.1), and TATB-HMX composite marked as 
NCE-2HT was prepared by using nano-sized TATB and HMX (Fig.2). 
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Fig.1 SEM of NCE-1TF composites                           Fig.2 SEM of NCE-2HT composites 
From Fig.1, we can see that under the action of high energy mechanism chemistry in a planet miller, common-
sized TATB and F2311 resin can be compounded at micro-nano scale, the composites were well proportioned under 
a nanometer scale. Fig.2 also reveals that nano-sized TATB and common HMX particles can be compounded to a 
nanometer level, large numbers of nano-TATB particles were found coating compactly on the surface of HMX, 
forming core/shell nanocomposite particles.  
During the process of high-energy milling, each component particles are fined to the nanometer level and 
components are uniformly consolidated on the nanoscale under the given sufficient impacting energy, so energetic 
nanocomposites are obtained. 
3.2. Thermal properties 
The thermal properties of NCE-1TF and NCE-2HT were studied by DSC, the results are shown in Fig.3 and 
Table 1. 
    
Fig.3  DSC curves of TATB based composites NCE-1TF(left) and NCE-2HT(right) 
Table 1. The DSC data of NCE-1TF and NCE-2HT composites 
Sample First peak Second peak 
Peak/ oC Delta H/J.g-1 Peak/ oC Delta H/J.g-1 
NCE-1TF 276.7 123.82 347.3 -702.91 
NCE-2HT 277.3 -495.23 359.3 -20.20 
From Fig.3 and Table1, it shows that the thermal decomposition peaks of the obtained TATB based 
nanocomposites NCE-1TF and NCE-2HT appeared on corresponding DSC curves. NCE-1TF showed one 
endothermic peak at 277 oC which belongs to the thermal decomposition of F2311 and one exothermic peak at 347 
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oC belongs to the thermal decomposition of TATB. NCE-2HT showed two exothermic peaks at 277 oC and 359 oC, 
corresponding to the thermal decomposition of HMX and TATB, respectively. From the DSC curve, it also can be 
found that the melting endothermic peak of HMX do not appear for NCE-2HT, this maybe due to the core/shell 
structure of such nanocomposites, the surface of HMX particle is coated by a quantity of nano-TATB particles, in 
this case, TATB particles will be heated firstly instead of HMX during the test of DSC. 
3.3. Impact sensitivity 
The safety performance of energetic materials during preparation, storage and use are rather important, thus 
the particle surface state (Fig.4) and impact sensitivity (Table 2) of TATB-HMX nanocomposites and 
corresponding physical mixture were studied. 
      
Fig.4 SEM images of TATB-HMX nanocomposite particle (left) and its physical mixture (right) 
    From Fig.4, we can see the surface state of such composites is uniform and lots of nanometer grade TATB 
particles are coated on the surface of HMX particles. While the surface of physical mixing particles is 
inhomogeneous, only small quantities of nano-TATB particles adhere to the surface of HMX, also some smaller 
HMX adhere to the surface of larger HMX particles. 
Table 2. Impact sensitivity of TATB-HMX composite sample and corresponding physical mixture 
Sample Preparation method Impact sensitivity /% 
NCE-2HT(TATB:HMX=85:15) High-energy impacting 10 
NCE-3HT(TATB:HMX=85:15) Physical mixing 20 
From Fig.4 and Table 2, we can see that the surface state plays an important role on its impact sensitivity. High-
energy impacting method can enhance the surface state uniformity of TATB-HMX nanocomposites and also 
improve the compound ingredients contacting degree, insensitive TATB particles are coated on the surface of 
sensitive HMX particles and forming a core/shell structure, so the impact sensitivity can be decreased compared 
with the physical mixture. For physical mixed samples, the particle surface state is quite different with a larger 
particle size, therefore, more HMX will be bared on the composites, resulting a higher impact sensitivity. 
4.  Conclusions 
(1) TATB based composites have been successfully prepared by high-energy impacting method. TATB-HMX 
composites display a high degree compact of two components at nano-sized scale. High-energy impacting method 
can enhance the surface state uniformity of composites and gain nanocomposite energetic materials.  
(2) Thermal decomposition peaks of two components TATB-F2311 and TATB-HMX both appear on 
corresponding DSC curves, while the melting endothermic peak of HMX do not appear on the DSC curve of NCE-
2HT sample.  
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(3) The impact sensitivity of TATB-HMX nanocomposites is lower than that of physical mixture, providing more 
safety for the preparation, storage and use of high explosives, such as HMX. 
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